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© Fluorescent lamp, process for its production and phosphor used therefor. 

© A process for producing a fluorescent lamp, which comprises coating on an inner wall of a glass tube having 
a diameter of from 18 to 29 mm a phosphor slurry comprising an europium-activated yttrium oxide red-emitting 
phosphor, a cerium- and terbium-activated lanthanum phosphate green-emitting phosphor and an europium- 
activated alkaline earth metal aluminate blue-emitting phosphor of the formula: 
(Ba t . x . y Eu x M y )0 # a(Mg,.p2np)0 , bAl 2 0 3 

wherein M is at least one member selected from the group consisting of Sr and Ca, and a, b. x, y and p are 

numbers within the following ranges: 

(16/9) <aS (1/4) b + 1, 

(16/9) a + (16/9)£b£(3/2)a + 4 

0.03 £ x < 0.4, 

0 £ y £ 0.4, 

0.03 ^ x + y £ 0.4, 

^weigh°t' 3 ratios within ranges of from 15 to 70% by weight of the red-emitting phosphor, from 20 to 65% by 
weight of the green-emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor, followed by 
drying and firing to form a fluorescent layer. 
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FLUORESCENT LAMP, PROCESS FOR ITS PRODUCTION AND PHOSPHOR USED THEREFOR 



The present invention relates to a three band fluorescent lamp, a process for its production and a 
phosphor useful therefor. 

In recent years, three band fluorescent lamps have been developed in the field of common fluorescent 
lamps for illumination, and some of them have been practically employed. The phosphor to be used for 

5 lamps of this type is a mixture obtained by mixing three types of phosphors i.e. red-, green- and blue- 
emitting phosphors in suitable proportions. 

Here, it is common to employ an europium-activated yttrium oxide phosphor (Y 2 0 3 :Eu; abbreviated by 
YOX) as the red-emitting phosphor and a cerium- and terbium-activated lanthanum phosphate phosphor 
(LaPO^Ce.Tb; abbreviated by LAP) as the green-emitting phosphor, particularly in Japan. As the blue- 

w emitting phosphor, it is common to employ an europium -activated barium magnesium aiuminate phosphor 
(BAM) or an alkaline earth metal chlorophosphate phosphor containing strontium as the main alkaline earth 
metal (SCA). 

Such three band fluorescent lamps are known to undergo a color shifting phenomenon if the decrease 
in the optical outputs during the illumination of the lamps and the change in the emittion colors are 

75 substantial with respect to the respective phosphors so that the balance of the optical outputs and the 
emittion colors among the phosphors is broken. 

As the blue-emitting phosphor for such fluorescent lamps, a bivalent europium-activated aluminated 
phosphor [(Ba,Eu)0*2MgO*8Al 2 0 3 ] (Japanese Examined Patent Publication No. 22836/1977) was fre- 
quently used by virtue of its high luminous efficiency, but it had a drawback that the change in the emittion 

20 color was substantial. As other bivalent europium-activated aluminated phosphors, (Ba 3 . a . b EU B Ml b )- 
OaVMNO'yA^Oa wherein Ml is Sr, Ca f Pb, etc., and Mil is Mg or Zn (Japanese Unexamined Patent 
Publication No. 25891/1986) or (BaLa.bMgaEutJO'xMillOz'yAbOa, wherein Mill is 71, Zr, Hf, etc. (Japanese 
Unexamined Patent Publication No. 96283/1989) are known, but they have the same drawback. Further, a 
bivalent europium- and bivalent manganese-activated aiuminate phosphor (Japanese Examined Patent 

25 Publication No. 22836/1977) is also known. However, this is a phosphor having a manganese-activated 
green color as the main emission and emitting a bluish green color. 

Therefore, this phosphor can not be employed as the blue-emitting component for the three band 
fluorescent lamp. 

The above fluorescent lamps have a drawback that their optical outputs tend to decrease as time 
30 passes and their emittion colors are likely to change, thus leading to color shift. 

In particular, a fluorescent lamp wherein BAM is employed as the blue-emitting phosphor, tends to have 

substantial color shift, although it is superior in the luminous flux to the one wherein SCA is employed. 

Under these circumstances, it has been proposed to use BAM and SCA in combination, but no adequate 

properties have been obtained. 
35 It is an object of the present invention to solve the above problems and to provide a three band 

fluorescent lamp having minimum color shift. 

It is another object of the present invention to overcome the above-mentioned drawbacks in the blue 

emitting phosphor for a three band fluorescent lamp and to provide a bivalent europium-activated aiuminate 

phosphor having a minimum change in the emission color when the lamp is on. 
do The present invention provides a process for producing a fiuoresceni lamp, which comprises coating on 

an inner wall of a glass tube having a diameter of from 18 to 29 mm a phosphor slurry comprising an 

europium-activated yttrium oxide red-emitting phosphor, a cerium- and terbium-activated lanthanum phos- 
phate green-emitting phosphor and an europium-activated alkaline earth metal aiuminate blue-emitting 

phosphor of the formula: 
45 (Bar. x . y Eu x M y )0* a(Mgi. p Zn p )0 # bAl 2 0 3 

wherein M is at least one member selected from the group consisting of Sr and Ca, and a, b, x, y and p are 

numbers within the following ranges: 

(16/9) < a*(1/4)b + 1. 

(16/9) a + (16/9) < b £ (3/2) a + 4 
so 0.03 £ x £ 0.4, 

0 £ y % 0.4, 

0.03 < x + y < 0.4, 

0 £ p £ 0.3, 

in weight ratios within ranges of from 15 to 70% by weight of the red-emitting phosphor, from 20 to 65% by 
weight of the green-emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor, followed 
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by drying and firing to form a fluorescent layer . 

The present invention also provides a three band fluorescent lamp having a fluorescent layer formed of 

a phosphor mixture comprising an europium-activated yttrium oxide red-emitting phosphor, a cerium- and 

terbium-activated lanthanum phosphate green-emitting phosphor and an europium-activated alkaline earth 
5 metal aluminate blue-emitting phosphor of the formula: 

(Ba,. x . y Eu x M y )0 • a(Mg,. p Zn p )0 • bAI 2 0 3 

wherein M, a, b, x, y and p are as defined above: 

(16/9)<a£ (1/4) b + 1 t 

(16/9) a + (16/9) £b S (3/2) a + 4 
io 0.03 £ x £ 0.4, 

0 $ y £ 0.4, 

0.03 £ x + y £ 0.4, 

in weight "ratios within ranges of from 15 to 70% of the red-emitting phosphor, from 20 to 65% by weight of 
75 the green-emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor. 

The above red-emitting phosphor, the green-emftting phosphor and the blue-emitting phosphor are 
preferably adjusted to have average particle sizes of from 2.5 to 6 urn, from 2 to 5.5 urn and from 5* to 
7.5 um, respectively. 

Further, the present invention provides an europium-activated alkaline earth metal aluminate phosphor 

20 of the formula: 

(Ba Kx . y Eu x M n y )0* a(Mgi. p Zn p )0* bAI 2 0 3 

wherein M n is at least one element selected from the group consisting of Sr and Ca. and a, b, x, y and p 
are numbers within the following ranges: 
16/9 < a5 (1/4) b + 1, 
25 (16/9) a + 16/9 £ b £ (3/2) a + 4 
0.03 £ x $ 0.4, 
0 < y £ 0.4, 
0.03 £ x + y ^ 0.4, 

30 ° * In^thfabove formula, x, y and p are preferably 0.03 S x S 0.25. 0 S y £ 0.1 and 0 < p ^ 0.05. 

respectively. , . 

By employing the above construction, the present invention is capable of presenting a three band 

fluorescent lamp having little color shift with time. _ 

Further, by emolovinc the above construction, the present invention is capable of presenting a blue- 
35 emitting phosphor exhibiting high emission luminance under excitation with an ultraviolet ray of 254 nm and 
little change in the emittion colors. 

In the accompanying drawing, Figure 1 is a ternary constitution diagram wherein (Ba,. x . y tu x M y )0 is 
represented by oxide A, (Mg,. p Zn p )0 is represented by oxide B, and Al 2 0 3 is represented by oxide C. 
The present inventors have investigated the cause for color shift principally with respect to three band 
40 fluorescent lamps wherein a BAM phosphor is employed which is excellent in the luminous flux as the blue- 
emitting phosphor, and have found: 

(1) The color balance is likely to be broken because the deterioration rate of the quantum efficiency of 
the blue-emitting phosphor is large as compared with two types of other phosphors; 

(2) The emittion color of the blue-emitting phosphor itself changes with time; and 

45 (3) Mercury in the fluorescent lamp is absorbed by a phosphor having a small particle size, particularly 
by a blue-emitting phosphor having a small particle size and is converted to mercury ox.de which 
absorbs blue color light. 

Further, It had been found that the color shift of the BAM phosphor is primarily due to the cause of item 

so Rom a further study, it has been found that only an europium-activated alkaline earth aluminate 
phosphor having a very limited composition shows a minimum change in the emission color of the 
phosphor 'itself with respect to item (2). The above object has been accomplished by using this blue- 
emitting phosphor together with a (YOX) red-emitting phosphor and a (LAP) green-em itting phosphor in a 
limited mixing ratio. 

55 Figure 1 shows the ternary constitution diagram of an europium-activated alkaline earth metal alu- 
minated phosphor. Here, oxide A represents (Ba,. x . y Eu x M y )0 and is the one wherein a part of Ba is replaced 
by an activator Eu and M representing Sr or Ca. It is necessary to maintain the em.ssion color by 
adjustment such that at least 60 mol% in oxide A is constituted by BaO. Further, it is necessary to secure 
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the emission luminance by adjustment such that at least 3 mo!% in oxide A is constituted by EuO. If EuO 
exceeds 40 mol%, it tends to be difficult to obtain an improvement of the emission luminance. From the 
economical viewpoint it is preferably at most 25 mol%. Namely, 0.03 £ x £ 0.4, and 0.03 £ x + y £ 0.4, 
particularly preferably 0.03 £ x £ 0, 25, and 0 S y £ 0.1. 
5 Oxide B represents (Mgi. p Zn p )0 and is the one wherein a part of Mg is replaced by Zn, It is necessary 
to secure the emission luminance by adjustment such that at least 70 mol% of oxide B is constituted by 
MgO. Namely, 0 £ p £ 0.3, particularly 0 * p S 0.05, is preferred. 

Optionally a little amount of Mg can be substituted by Mn as a co-activator. 

Oxide C represents AI2O3. 

to When oxide A is 1 mol, it is possible to prevent a color shift phenomenon of the emittion color due to 
the above item (2), by maintaining the following relations: 
(16/9) <aS (1/4) b + 1 
(16/9) a + 16/93 b£(3/2)a + 4 

where a is the molar amount of oxide B and b is the molar amount of oxide C, 

15 This europium-activated alkaline earth metal aluminate phosphor has the main emission wavelength 
within a range of from 440 to 460 nm. To from 5 to 40% by weight of this blue-emitting phosphor, from 30 
to 65% by weight of LAP green-emitting phosphor having the main emission wavelength within a range of 
from 540 to 550 nm and from 15 to 70% by weight of YOX red-emitting phosphor having the main emission 
wavelength within a range of sfrom 605 to 615 nm are blended to obtain a phosphor mixture. This phosphor 

20 mixture is coated on the inner wall of a glass tube to form a fluorescent layer, whereby it is possible to 
obtain a three band fluorescent lamp having a small possibility of color shift with time. 

Further, it is possible to control the cause (3) for the color shift by adjusting the average particles sizes 
of the red-emitting phosphor, the green-emitting phosphor and the blue-emitting phosphor within ranges of 
from 2.5 to 6 urn, from 2 to 5.5 urn and from 5.5 to 7.5 nm, respectively. 

25 The degree of color shift is represented by the following equation: 
ds = {(x r x,) 2 + (y r yi) 2 } 1/2 

where the emission color during the initial stage (100 hours after illumination) of the fluorescent lamp is 
represented by (x;, yj) on the CE standard chromaticity diagram, and the emission color after illumination 
for 1,000 hours is represented by (x (( y f ). The smaller the value of ds, the smaller the color shift. 

30 The phosphor of the present invention can be prepared as follows: 

As raw materials for the phosphor, predetermined amounts of (1) a barium compound such as barium 
oxide, barium hydroxide or barium carbonate, (2) a magnesium compound such as magnesium oxide, 
magnesium hydroxide or basic magnesium carbonate, (3) a strontium compound such as strontium oxide, 
strontium hydroxide or strontium carbonate, (4) a calcium compound such as calcium oxide, calcium 

35 hydroxide or calcium carbonate, (5) a zinc compound such as zinc oxide, zinc hydroxide or basic zinc 
carbonate, (6) an aluminum compound such as aluminum oxide or aluminum hydroxide, (7) an europium 
compound such as europium oxide or europium fluoride, and (8) optionally a manganese compound such 
as manganese oxide, manganese hydroxide or manganese carbonate, are weighed, and a flux such as 
barium fluoride, magnesium fluoride or aluminum fluoride is incorporated thereto. Then, the raw material 

40 mixture is thoroughly mixed. This mixture is filled in a heat resistant container such as a crucible and fired 
at a temperature of from 1,200 to 1,500* C. The fired product thus obtained is pulverized and mixed, and 
again filled in a heat resistant container and fired in a weakly reducing atmosphere at a temperature of from 
1,200 to 1,500' C for from 2 to 5 hours. This fired product is pulverized, washed with water, dried and 
sieved to obtain a blue-emitting aluminate phosphor of the present invention. 

45 In the present invention, a phosphor slurry comprising the above-mentioned red-emitting phosphor, the 
green-emitting phosphor and the blue-emitting phosphor of the present invention in weight ratios within 
ranges of from 1 5 to 70% by weight of the red-emitting phosphor, sfrom 20 to 65% by weight of the green- 
emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor, is prepared. This slurry is 
coated on the inner wall of a glass tube, then dried and fired to form a fluorescent layer, and a fluorescent 

50 lamp is prepared in a well known method. Here, the glass tube preferably has a tubular diameter within a 
range of from 18 to 29 mm. It Is advisable to coat the phosphor slurry in an amount within a range of from 1 
to 6.5 mg/cm 2 . 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. 

55 

EXAMPLES 1 TO 6 
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(Ba llt yEu x M y )0-a(Mg 1 . p 2n p )0-bAI 2 03 blue-emitting phosphor. LaPO.iCe.Tb green-emitting I phosphor 
and Y 2 (S4 red-emitting phosphor were mixed in the proportions as identified in Table 1, and the m,xture 
was 2d d to a butyl acetate solution of nitrocellulose to obtain a phosphor slurry. The phosphor sjrry was 
coated on the inner wall of a glass tube to obtain a straight tubular slim line fluorescent lamp FSL64T6 The 

5 composition of the blue-emitting phosphor was as shown in Table 1. Then, the emission colors upon 
expiration of 100 hours and 1 .000 hours after illumination were measured to obtain color shift ds 

On the other hand, a lamp was prepared in a similar manner by using a phosphor where.n the value for 
a or b in the composition of the blue-emitting phosphor is outside the scope of the present mvenbon, and 
the emission colors were measured as a Comparative Example. _ 

,o The results are shown in Table 1. As is apparent from Table 1, wrth lamps where.n blue-emitt.ng 
phosphors of the present invention were employed, the color shift was substantially smaller than the lamps 
of the Comparative Examples. 
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EXAMPLES 7 TO 13 

5 

(Ba^.yEuxMyJO'afMg^ZnpJO'bAisOs blue-emitting phosphor having a predetermined amount of man- 
ganese incorporated as coactivator, LaPO^Ce.Tb green-emitting phosphor and Y 2 0 3 :Eu red-emitting 
phosphor were mixed in the proportions as identified in Table 2, and the mixture was added to a butyl 
acetate solution of nitrocellulose to obtain a phosphor slurry. The phosphor slurry was coated on the inner 
10 wall of a glass tube to obtain a straight tubular slim line fluorescent lamp FSL64T6. The composition of the 
blue-emitting phosphor was as shown in Table 2. Then, the emission colors upon expiration of 100 hours 
and 1,000 hours from lighting were measured to determine the color shift ds. 

On the other hand, a lamp was prepared in the same manner by using a phosphor wherein the value for 
a or b in the composition of the blue-emitting phosphor was outside the scope of the present invention and 
is no manganese was contained, and the emission colors were measured as a Comparative Example. 

The results are shown in Table 2, As is apparent from Table 2, with lamps wherein blue-emitting 
phosphors of the present invention were employed, the color drift was substantially smaller than the lamps 
of the Comparative Examples. 
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EXAMPLE 14 

5 



BaC0 3 


0.88 mol 


MgO 


3.0 mol 


EU203 


0.06 mol 


AI203 


8.5 mol 


AIF3 


0.01 mol 



is The above raw material was thoroughly mixed and fired in air at 1 ,350° C for 3 hours. The fired product 
was pulverized, washed with water, dried and sieved to obtain a phosphor. The composition of this 
phosphor was (Ba 0 . 88 Eu 0 .i2)O # 3.0MgO # AbO3 and is the one shown by reference numeral 14 in the three 
component state diagram in Figure 1 . 

This phosphor was coated on the inner wall of a glass tube to obtain a FSL64T6 lamp. After using this 

20 lamp for 1,000 hours, the phosphor was peeled off and illuminated under excitation by ultraviolet rays of 
254 nm together with the phosphor before use, whereby the phosphor after use showed x = 0.146 and y « 
0.065, while the phosphor before use showed x = 0.146 and y = 0.060. Thus, the change in the emission 
color was very small at a level of Ax = 0.000 and Ay = 0.005. 

25 

EXAMPLE 15 



30 



BaC0 3 


0.90 mol 


MgO 


2.0 mol 


EU2O3 


0.05 mo! 


Al 2 0 3 


6.0 mol 


AiF 3 


0.01 mol 



Using the above raw material, a phosphor was prepared under the same conditions as in Example 14. 
The composition of the phosphor thus obtained was (Ba 0 .9Euo.i)0'2MgO*6Al 2 0 3 and was the one shown 
by Terence numeral 15 in the ternary constitution diagram in Figure 1 . 
40 With respect to this phosphor, the emission color was measured in the same manner as in Example 14, 
whereby the phosphor after use showed x = 0.146 and y = 0.059, while the phosphor before use showed 
x = 0.146 and y = 0.056. Thus, the change in the emission color was very small at a level of Ax = 0.000 
and Ay = 0.003. 

45 

EXAMPLES 16 TO 19 

Phosphors having the compositions as identified in Table 3 were prepared under the same conditions 
as in Examples 14 and 15. Reference numerals 16 to 19 in the ternary constitution diagram in Figure 1 

50 represent Examples 16 to 19, respectively, and indicate the compositions of the phosphors obtained in the 
respective Examples. Examples 18 and 19 represent the cases wherein a part of Ba of the phosphor of 
Example 15 was substituted by Sr or Ca. 

With respect to these phosphors, the emission colors were measured in the same manner as in 
Examples 14 and 15, and the results are also shown in Table 3. As is apparent from Table 3, the phosphors 

55 of all the Examples showed small changes in the emission colors. Also with the partially substituted 
phosphors, the same results as with the phosphors before substitution were obtained. Thus, these 
phosphors were found to be useful as blue-emitting phosphors for three band fluorescent lamps. 
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COMPARATIVE EXAMPLES 7 TO 10 

Phosphors having the compositions as identified in Tabie 3 were prepared under the same conditions 
as in Examples 14 and 15. Reference numerals 7 to 10 in the ternary constitution diagram in Figure 1 
5 represent Comparative Examples 7 to 10, respectively, and indicate the compositions of the phosphors 
obtained in the respective Comparative Examples. 

Also with respect to these phosphors, the emission colors were measured in the same manner as in 
Examples 14 and 15, and the results are shown also in Table 3. As is apparent from Table 3, with the 
phosphors of these Comparative Examples, the change in the emission colors is relatively large, whereby 
w color shift is expected to be relatively large when they are used for three band fluorescent lamps. 

Tabie 3 





Composition of phosphor 


Emittion color 


After 1 ,000 


Change in 






before use 


hrs 


emittion color 






x 


y 


/ 

X 


y 


Ax 


Ay 


Example 14 


(Bao.88Euo. 1 2)0 # 3.0MgO , 8.5Al 2 03 


0.146 


0.060 


0.146 


0.065 


0.000 


0.005 


Example 15 


(Bao^oEUd O )0 • 2.0MgO • 6.0AI 2 0 3 


0.146 


0.056 


0.146 


0.059 


0.000 


0.003 


Example 16 


(Ba 0 . 8 oEuo. 1Q )0 ' 2.5MgO ■ 6.5AI 2 0 3 


0.146 


0.056 


0.146 


0.061 


0.000 


0.005 


Example 17 


(Ba 0 .9oEu 0 . 1Q )O • 2.6MgO ■ 6.4A1 2 0 3 


0.146 


0.058 


0.146 


0.064 


0.000 


0.006 


Example 1 8 


(Ba 0 .8iSro.o9Euo.io)0*2.0MgO B 6.0A[203 


0.144 


0.072 


0.144 


0.075 


0.000 


0.003 


Example 19 


(Bao.71 Cao.! 9 Eu 0 .io)0 * 2.0MgO • 6.OAI2O3 


0.143 


0.078 


0.145 


0.084 


0.002 


0.006 


Comparative 


(Bao,9oEuo. 1Q )0 * 2.0MgO ■ 8.OAI2O3 


0.144 


0.067 


0.152 


0.082 


0.008 


0.015 


Example 7 
















Comparative 


(Bao.goEu 0 , 1fl )0 • 1 .5MgO • 5.5A! 2 0 3 


0.146 


0.062 


0.152 


0.075 


0.006 


0.013 


Example 8 
















Comparative 


(Bao.9oEu 0 .i 0 )O ■ 3.0MgO ■ 7.0Ai 2 0 3 


0.148 


0.062 


0.153 


0.074 


0.005 


0.012 


Example 9 
















Comparative 


(Bao M Ba 0A o)0 * 2.0MgO ■ 5.0Al 2 O 3 


0.146 


0.056 


0.151 


0.070 


0.005 


0.014 


Example 10 
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EXAMPLE 20 



BaCOs 


0.90 mol 


MgO 


1.996 mol 


Eu 2 03 


0.05 moi 


Mn0 2 


0.004 mol 


AI2O3 


6.0 mol 


AIF3 


0.02 mol 



The above raw material was thoroughly mixed and fired in air at 1,350° C for 3 hours. The fired product 
was pulverized, then fired in a weakiy reducing atmosphere at 1,350° C for 3 hours, followed by 
pulverization, washing with water, drying and sieving to obtain a phosphor. This phosphor had a composi- 
tion of 

{Bao.9oEuo, 10 )0*2(Mgo^9 8 Mno.oo2)0*6AI 2 03 l wherein Mn/Eu was 0.04. 

This phosphor was coated on the inner wall of a glass tube to obtain a FSL64T6 lamp. After using the 
lamp for 1,000 hours, the phosphor was peeled off from the lamp and illuminated under excitation by 
ultraviolet rays of 254 nm together with the phosphor before use, whereby the emission color was 
measured. The phosphor after use showed x » 0.146 and y = 0.081, while the phosphor before use 
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showed x = 0.146 and y = 0.079. Thus, the change in the emission color was small at a level of Ax = 
0.000 and Ay = 0.002. 

5 EXAMPLES 21 TO 27 

Phosphors having the compositions as identified in Table 4 were prepared under the same conditions 
as in Example 20. 

With respect to these phosphors, the emission colors were measured in the same manner as in 
w Example 20, and the results are also shown in Table 4. As is apparent from Table 4, the change in the 
emission color was small with the phosphor of each Example. Thus, these phosphors were found to be 
blue-emitting phosphors useful for three band fluorescent lamps. 

75 COMPARATIVE EXAMPLES 11 TO 13 . 

Phosphors having the compositions as identified in Table 4 were prepared under the same conditions 
as in Examples 20 to 27. 

Also with respect to these phosphors, the emission colors were measured in the same manner as in 
20 Example 20. The results are also shown in Table 4. 

As is apparent from Table 4. the change in the emission color is relatively large, whereby color shift is 
expected when they are used for three band fluorescent lamps. The phosphor of Comparative Example 13 
is a conventional phosphor having a composition of (Ba M Eu 0 .i)O*(Mg^Mn a 2)O M -8.0Al2O8 and activated 
by Eu and Mn. and it is a bluish green-emitting phosphor having a large peak in the vicinity of 515 nm 
25 rather than at 450 nm and therefore can not be used for a three band fluorescent lamp. 
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Claims 

1. A process for producing a fluorescent lamp, which comprises coating on an inner wall of a glass tube 

having a diameter of from 18 to 29 mm a phosphor slurry scomprising an europium -activated yttrium oxide 

red-emitting phosphor, a cerium- and terbium- activated lanthanum phosphate green-emitting phosphor and 

an europium-activated alkaline earth metal alumlnate blue-emitting phosphor of the formula: 
iq (Bat. x - y Eu x M y )0'a(Mg l . p 2n p )0*bAi203 

wherein M is at least one member selected from the group consisting of Sr and Ca, and a, b, x. y and p are 

numbers within the following ranges: 

(16/9) < aS (1/4) b + 1, 

(16/9) a + (16/9) £b£ (3/2) a + 4 
75 0.03 £ x £ 0.4, 

0 < y £ 0.4, 

0.03 £ x + y £ 0.4, 

0 £ p £ 0.3, 

in weight ratios within ranges of from 15 to 70% by weight of the red-emitting phosphor, from 20 to 65% by 
20 weight of the green-emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor, followed 
by drying and firing to form a fluorescent layer. 

2 A three band fluorescent lamp having a fluorescent layer formed of a phosphor mixture comprising an 
europium-activated yttrium oxide red-emitting phosphor, a cerium- and terbium-activated lanthanum phos- 
phate green-emitting phosphor and an europium-activated alkaline earth metal aluminate blue-emitting 

25 phosphor of the formula: 

(Bai. x . y Eu x M y )0*a(Mg J .pZn p )0*bAI 2 0 3 

wherein M is at least one element selected from the group consisting of Sr and Ca. and a. b, x, y and p are 
numbers within the following ranges: 
(16/9) < a£(1/4)b + 1, 
30 (16/9) a + (16/9) £ b £ (3/2) a + 4 
0.03 < x £ 0.4, 
0 £ y £ 0.4. 
0.03 < x + y S 0.4, 
0 £ p £ 0.3, 

35 in weight ratios within ranges of from 15 to 70% of the red-emitting phosphor, from 20 to 65% by weight of 
the green-emitting phosphor and from 5 to 40% by weight of the blue-emitting phosphor. 

3 The fluorescent lamp according to Claim 2, wherein the average particle sizes of the red-emitting 
phosphor, the green-emitting phosphor and the blue-emitting phosphor are adjusted within ranges of from 
2.5 to 6 urn, from 2 to 5.5 urn and from 5.5 to 7.5 urn, respectively. 

40 4. The fluorescent lamp according to Claim 2. wherein the tubular diameter of the fluorescent lamp is within 
a range of from 18 to 29 mm. 

5. An europium-activated alkaline earth metal aluminate phosphor of the formula: 
(Ba 1 . x . y Eu x M l, y)0'a(Mg,.pZnp)0*bAI 2 0 3 

wherein M° is at least one element selected from the group consisting of Sr and Ca. and a, b, x. y and p 
45 are numbers within the following ranges: 

16/9 < a* (1'4) b + 1, 

(16/9) a + 16/9 £b£(3/2)a + 4 

0.03 £ x < 0.4, 

O^yS 0.4, 
50 0.03 £ x + y £ 0.4, 

0 £ p £ 0.3. 

6. The europium-activated alkaline earth metal aluminate phosphor according to Claim 5, which contains 

manganese as . . 

7. The europium-activated alkaline earth metal aluminate phosphor according to Claim o, wherein the 
55 amount of manganese is within a range of from 0.005 to 0.2 x/a. 

8. The europium-activated alkaline earth metal aluminate phosphor according to Claim 7, wherein the 
amount of manganese is within a range of from 0.01 to 0.1 x/a. 

9. The europium-activated alkaline earth metal aluminate phosphor according to Claim 5, wherein the 
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particle size of the phosphor is within a range of from 5.5 to 7.5 mm. 
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